,YIn a previous study on the effects of various drugs on the pneumococcal dehydrogenase systems it was found that, whereas acriflavine, atabrine, propamidine, and optochin could inhibit these systems, high concentrations of sulfonamides had no effect. Other investigators (Mellon aind Bambas, 1937; Brazda and Rice, 1942; Fox, 1942; Clifton and Loewinger, 1943) have reported the failure of sulfonamides to inhibit dehydrogenase systems. However, sulfonamides have been shown (Barron and Jacobs, 1937; Chu and Hastings, 1938; Dorfman et al., 1940 Dorfman et al., , 1942 Sevag et al., , 1945 Gots and Sevag, 1948) .
1.5 ml of phosphate buffer (M/20 at pH 7.6) or 1.5 ml solution (150 mg per cent) of sulfathiazole (final concentration, 0.0022 M) to give a final volume of 4 ml. The reduction of methylene blue in the presence and absence of sulfathiazole was studied by varying the order of the addition of various components. The components in the tubes were in contact with one another for a period of 30 minutes before the contents of the side arm were introduced. This represented the period required for the filling and closing of the tubes, evacuation by a high vacuum pump through a manifold to ensure uniform evacuation (5 minutes), and equilibration (10 minutes) to the temperature of the water bath (37 C). The reactive system consisting of organisms, substrate, and indicator were separated in all systems so that reduction would not begin until mixing. Zero time was taken at the time of mixing, and the time required for 100 per cent reduction of the methylene blue was recorded. From table 1 it can be seen that sulfathiazole inhibited (45 per cent) the reduction time only when it was allowed to react for 30 minutes with the organisms in the absence of methylene blue (combination C). When sulfathiazole was in contact with the organisms in the presence of methylene blue (combination A), no inhibition was observed. Likewise, when the organisms were in contact with neither of the reagents but were introduced so that they reacted simultaneously (combination B), no inhibition occurred. Methylene blue alone exercised no demonstrable inhibition during the exposure of the organisms to it, as can be seen by comparing the control activities of systems A and B. Thus, sulfathiazole can inhibit methylene blue reduction only when it is allowed to react with the organisms in the absence of the protecting methylene blue.
Similar results were obtained with glycerol as substrate; but, since six times as many organisms were required for demonstrable activity, the presence of increased endogenous activity with this concentration of cells rendered the data inconclusive.
Mutual antagonism of methylene blue and sulfathiazole in aerobic respiration. The Barcroft-Warburg respirometer was used to measure the oxygen consumption of resting pneumococci in the presence of glucose. The cell suspension was previously described except that 0.1 ml of catalase was added for every mg of cells to destroy the hydrogen peroxide formed during respiration. The catalase was prepared from rabbit erythrocytes as described by Sevag and Maiweg (1936) . The systems used and the contents of the vessels were as indicated in the tables.
It was found that sulfathiazole (3.8 X 10-3 M) inhibited the oxygen consumption of pneumococci in the presence of glucose from 30 to 68 per cent (figure 1, tables 2 and 3). Methylene blue exerted an inhibition of from 20 to 54 per cent. When sulfathiazole and methylene blue were present together, the degree of in- hibition was greatly decreased, with the Qo2 approaching that of the control. Figure 1 represents a typical experiment. The microliters of oxygen consumed per hour were 125 for the control, 48.5 in the presence of sulfathiazole (61 per cent inhibition), 57.6 in the-presence of methylene blue (54 per cent inhibition), and 117 in the combined presence of both (6.4 per cent inhibition). In effect, this represents a mutual antagonism type of phenomena, since the inhibition in the presence of both inhibitors is much less than that in the presence of either alone.
The coimmercial methylene blue used was 87 per cent pure, with the remaining 13 per cent representing contamination with other dyes such as azure A, azure B, azure C, and methylene violet (Conn, 1946 Contents of Warburg vessels: Controls: 1 mg of pneumococci in 1 ml phosphate buffer (M/20, pH 7.6) containing 0.1 ml catalase; 0.5 ml 6 per cent glucose (M/36, final concentration), 4.2 ml phosphate buffer, 0.3 ml 20 per cent KOH absorbed on filter paper (no. 40) in center well.
Sulfathiazole: Same as controls except 3.7 ml of 150 mg per cent solution of sulfathiazole was substituted for same amount of phosphate buffer (final conc. 3.8 X 10-3 M or approximately 1:1,000). Dyes: 0.5 ml of 11 mg per cent in phosphate buffer substituted for same amount of phosphate (final conc. approximately 1/100,000). Gas phase, air; temperature, 37 C; pH 7.6.
A and only slightly by azure C. Azure B was variable in this respect. The results of two experiments are shown ranging from no effect to complete relief of sulfathiazole inhibition. The reason for this inconsistency has not been determined. At any rate, since these dyes are present in these systems in concentrations far greater than could be expected to occur in the commercial preparation of methylene blue, it is unlikely that the effect of the latter is due to the presence of these impurities. Further evidence to support this was found by comparing the commercial Thatcher (1945) has reported similar synergistic effects with E8cherichia coli. If a chemical complex were formed, it would have to be one that was inactive in inhibiting respiration and even more active than the individual components in inhibiting growth-a situation difficult to conceive.
The mutual antagonism of sulfathiazole and methylene blue observed in the systems with resting cells involves isolated and limited numbers of reactions mediated by oxidative enzymes. In contrast, the synergistic effects of the two agents observed during growth involve the interactions of a great many enzyme systems, such as various dehydrogenases mediating glucose metabolism, the tricarboxylic acid cycle, and the metabolism of amino acids. The affinities of these systems for methylene blue and sulfathiazole could be assumed to be far greater than the reaction responsible for mutual antagonism between the two agents in systems involving resting cells.
DISCUSSION
These findings emphasize the necessity of assuring the indifference of the reactants of a system before the results from such systems can be interpreted. The ability of methylene blue to antagonize the inhibition of bacterial respiration by sulfonamides must be considered whenever it is used as a reactant. The reported effects of sulfonamides on dehydrogenase systems must be reconsidered from this viewpoint. Mellon and Bambas (1937) and MacLeod (1939) reported a lack of inhibition of glucose dehydrogenase activity in pneumococci by sulfonamides. The latter, however, did observe inhibition when glycerol, pyruvate, and lactate were used as substrates. Though a detailed description of the components of the systems are given, the order of addition is not described and therefore the results cannot
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[VOL. 58 be adequately evaluated. Clifton and Loewinger (1943) Fox (1942) in an abstract lacking experimental data stated that the lactic dehydrogenase of E. coli is not affected by sulfonamides. Since Altman (1946) found glucose-6-dehydrogenase to be inhibited by sulfanilamide as determined by the aerobic decolorization of 2,6-dichlorophenol indolphenol, it would be advisable to extend this study to other indicators.
In systems containing cells with pretreated riboflavin, sulfathiazole fails to inhibit the respiration at the beginning. However, the system shows gradual emergence of an inhibitory effect. At the end of a 3-hour period there is as much inhibition as in the systems without riboflavin. Sulfathiazole, thus overcoming riboflavin antagonism, appears to have a greater affinity for the sites occupied by riboflavin or its derivatives. In such cases, therefore, the inability of a nutrilite to antagonize an inhibitor would not preclude its being competitively involved. This would explain the inability of riboflavin to antagonize the inhibition of pneumococcal growth by sulfonamides, as previously reported. This would also apply to methylene blue, which as an inhibitor competes with riboflavin for and displaces it from the enzyme site. 1949] 
